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(54) SEMICONDUCTOR LIGHT EMITTING ELEMENT 

C57)Abstract: 

PURPOSE: To manufacture the highly efficient A,, 
semiconductor light emitting element over the broad f— 
wavelsngth region extending from visible to ultraviolet j 

rays by a method wherein a specific layer is provided L i 

between a light emitting layer and a growing substrate. 
CONSTITUTION: A specific layer represented by the 
formula n is provided between a light emitting layer 63 

and a growing substrate 61. Next, the light emitting layer .tm-..-*&a*Al> N tx-y^i, a »>,yssi > 
63 having at least one layer represented by the formula I T 
is held between n-type and p-type GaN current injection 
layers 62 and 64 represented by the formula III, Through 

these procedures, the electrons and holes injected in the 3ar 7 .'4EvN <ti 1 ) TT 

light emitting layer 63 are enclosed therein without 
running into the current injection layer 62, 64 thereby 
enabling the light in high outer quantum efficiency to be 

emitted. That is, even if n-type and p-type current t*.*~i ;*.Qa>Al r Mjxly;)si;..q.tis x, y"<= i.J 

injection layers 62 and 64 are doped in high CT 
concentration of e.g. 1018-1019cm-3, the title light 
emitting element having excellent current versus voltage 

characteristic can be manufactured without affecting the purity of the light emitting spectrum 
due to the distinct separation between the light emitting region 63 and the current injection 
regions 62, 64. 
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ini-x-y Ga x Al y N (x+y<l / OS x,y£l ) 
Gai-x'AU'N (0 ax's 1 ) nts] 



[n 1 .x^y'Ga x -Aly"N 

Ji£;fnrs r t i ^^^^^ 

[0 0 0 1] 
[0 0 0 2] 

1 11^77^71^ ^UnlGaN^ 13 Hp 
UGaNJi, 14HnffifJI|ffi x 1 5ttpitfitfc5„ 
nSUil 2 t^ttT^K- ^*>SV>ttS i K-^GaN 
S:* plii 3icteMg y #%Mr?-WkM%ifo Z> v > 
HtJ»r=-yMcJ; OiSJSttflsLfcG a NSrffll^ r 

fc«^&t/E?L(0^s«jt^*^i-5 o ^co«5g(Z)^l 
■3<0«##. ffi£JBrtT?S»-&*i"nS/il 2&tfpS 

[0 0 0 3] H] 7 fCte, ®*C0 

a A 1 N/G a N^rn^t- K©«WiEI&^L 
fc Q H<K 2 l\*D-7r<<Tm&. 22finiGaAl 
N®flfc£A/l, 2 3fiGaNME 24liplGaA 
1 N««ci£AJi, 2 5 (in 2 6 fipItSt-fc 



(x+y'fil, 0fix;y's 1 J 

So -^«^T*te, GaNMi2 3%Ztll:*)s<>}! 
^>7^/^^^nlGaAl NS^iiAl 2 
2MplGaAlN ®St^A® 2 4 TRA, fc«i£ £ ft 
oTi^5fc«\ GaN363tJl2 3^ffiA$tLfc«^XV 
EMnSGaAl NS«EaAJi2 2^t/plGaAl 
Nm^&AJi 2 4 : t ft < G a N5§*g 2 3 

Ga Al NSSE&AS2 2&tfpMGaAl NmSt&A 
M2 4{Ci^SSK-t 0 >-^^fToTt, GaN«|2 

^12 3 (Oftfo 9 MG a A 1 N/G a N*— J^tfFfc 

GaAlNtI^A!2 2MplGaAl N««&A 
12 4 J;H 1 Jfi$<Dffil^G a A 1 Njf£G a A 1 N/ 
GaNif*F^y7iiLtl-So L^UgUia^ 

)frir dr ITG a N&^V^fiG a a 1 NZTcffifiSrJfi^'C 
1^6fcA, I»M2 0 0-3 7 0 nm(DW^l 

[0 0 04] 

nGaAlN/I n G a N^rng^^t" K<0#Mc 
IU^iIl8[C^-r o EJ^t 3 . 3 lttf7 7^7S«, 3 2tt 
nSlnGaAlNlSaAi, 3 3 I n G a NiSft 
S, 34ttplInGaAlNlSaAi, 3 5ttnflJ 
mS> 3 6tepl|ljmffi-e&So r nllnGaA 
1 N««fcftAJi3 2Xtf pSl n G a A 1 NlI^Ai 
3 4^M^ K*t y ^x*^ I n G a 

N^3t® 33«t^^<, **O-tC0»^^»^ I n G a 
N38#Ji3 3lc^rSJ:5^3l^c r<o«5i-cra\ I 
n G a N^^tii 3 3 £ rft £ 9 K=¥ + y 
^§^nil n G a A 1 Ntt«£aAS3 2Xtfpi!l 
n G a A 1 N^Sc^A® 3 4 t«A/*:«fii: ftoT^S 
I n G a N3S3fcS 3 3 fcaA^ixfctt^XtKETL 
^nllnGaAl NfflSaAB 3 2&tf p§! I nG a 
A 1 N®8L&A/i3 4^Wr§C<tft< I nGaNl 
3feJB3 3KBBta»6ix*. *fc, S'JJ-XJgfciSMSi* 
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i-Z>tcfrnm InGaAl NtiaAl3 2WpH 
n G a A 1 N©«aAg 3 4 iZ^WkSt K-tTi^fcfTo 
rt> N I nGaN3g#Jl3 SO***'** bMZ&W* 

%Mt LT I nGa A 1 NEx^£M^TV^/c&, 
2 0 0-6 0 0 nmCOtSIST^^igft^^fbT^^o $ 
f)(crc0^3tTil, nSlnGaAlNlSEAi3 
2, I nGaN%*i3 3MpIInGaAlNlffi 

£Ajf3 4^£^i;:fe^^LT^s/^ t&^^s-g- 

#^<b&V\ L2>>U I n «:^«>*7ciSft 
[ft 1 ] f*G a N^G a A 1 Nfc)t^**tt#*+&-e 

[0 0 0 5] 
[0 0 0 6] 

[ft2] ■*rRitfcrfct*t>*»4»«ti-6. * 

[ft3] «fcWtfc^fcfcfc5. K^GaN^^ 
KfttfGa A 1 N/GaN^rng^t- 

InGaAlN/I nGaN^fng^t-Kt 
[0 0 0 7] 

[0 0 0 8] 

3S8fc*S*fc*-fo H4tt, Mi¥0. 5/imOIn 0il G 
a 0 .9 NJi^Xmajf^n^r^/^SrS-fBa-CfcoT, 
(a) HI no.! Ga 0(9 NJifctf^T'T T±fcilfflBdi 



SLfcii^ (b) ttf-7r-fr±fcH»5/im«)Ga 
S^gLfc In 01 Ga 0 . 9 NJlOXJSUatfr:/* 7 r-T 
GaNHUSfilfc I n Qil G a 0 9 N^^X^[e] 

[0 0 0 9] B5lii4tB-OlW©7* h/l'S** 
-t?:/;* • h/u£^f" ITfcot, (a) teln 

(b) I4t7 7^7±li:l!ff5 m m^G a N^LT« 

n 0 . i Ga 0 9 Niftf)?* h/U;^>7ty^ • V 

Max m^mt&frh<D&yttmtiz<z>\zttu ^yy 

^7±l:GaNt^U*ftlfcI no.! Ga 0-9 N/1 
07^ hA^ + yfeV;* • *-<^ h^tt, 3 6 0 nm£ 

±Oj»*tt I n x _ x Ga x NOJBMfcxtCt&i", 0^x 

InGaNMfilt G a N^U^t5:i:(: 

[ft 5] 

Ga,-x'Alx'N (0s x*<l ) 

I^UInGaN^Ut), H*©S***S«« 
£*ifc„ H4XtfH5-ett, MiLtf-77^f7 (0 
0 0 1) B«:fflv^fc»&©IS**:»UfcdS, ftfetf)|f*« 

[fti] JB##«ttfc 
[ft 6] 

Gaux AtxN(OSxSl) 

[0010] (HiS^J 1 ] *f^^^/^fni 

6 1^77^7 (0 0 0 1) 6 2teRJ55 

/imMl^ISl0 19 cm- 3 ^Si K^nSGaN 
®«l£AJ1, 6 3fiJKJ?0. 7*1 n 

o.i Ga 0 . 9 NIBftJB, 6 4 ttRJS 2 /z mfttf*-/H 
|10 18 cm- 3 tOMg K-/plGaNiiaAi, 6 

5\$nmmm, 6e>nv>mmmxhz> 0 muesli- 
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mw-ci)^ ^nM^mt2%-vhoito *«:; In 

G a Ng)fel 6 3 ^Jrf fbf5 r t IUo Bft 

[0 0 11] rO«Btt?fi, T^K-^I no.! Ga 
0 . 9 NJS3EI 6 3 trhJ; 9 

atWE?LH:««ffiAJB 6 2*fc«;6 4(£ffifcH1-£- fcai 

<ss*i6 3rtu:BBi:a»&ii, iEojcai^a*"? 

€^aAS6 2&tf 6 4l:i0 18 -l 0 19 cm _3 ^V>5 

Ini-x-y GCix Aly N (Os 

[0012] mmm 2 ] (5mim #f 

*3t) 

T\ Hdfcl^T, 7 1fit77^7 (0 00 1) IS. 
7 2 fiJ^J? 5 m mStftffS 5 X 1 0 18 c nT 3 CD S i 
MniGa A I N«jEffiA»t/*S Dii»S, 7 3 
\mW2 //mMIfMl 0 19 cnT 3 <75S i K^n 
iGaN^^DTlCMi, 7 4 1 0 n m<DT 

yK-^In 0<1 Ga 0i9 N¥-iWFI*l, 7 5 
ttJRff 2 m mXtftf-zMft* 1 0 18 c m- 3 C0M g K-T" 
plGaN^rtyrfflCMI, 7 6f*JRJ*2 u mRlf 
*-^**5X 1 0 17 cm" 3 CDMg K^plGaA 1 
NlS^WI^fel^ 7 7ttn«m 7 8fi 
pffllBffi-e&So WE7 7K#LT:£©«ffi£7 8fcin 
£3 r 9, m^&tfIE?L£^/i7 4K&AL 
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[0013] ^o*jg«, ^mm i <om*wm\c»^ 

T, nlGaNl, I n G a Nfitfp IG a NJfCD± 
T£pS!G a A 1 NMRlfn^lG a A 1 NJl"C#5A/*:« 

afc4or*9, St««ioflBS-c»biifci±<RI« 

T, I nGaN3§5fcJ§CQg|JI£l 0 nm«<«tt 
fflCaiibdS^F+^tftS^x H2 0*jfrT*ttnS!GaN 
JB7 3, I nGaNi7 4&tfp§iGaNji7 5 J: 9 
JBifr*0/hS^nS[JfctfpfflGa A 1 N«7 2Xtf 7 6 



I nGaNJHSrfflV^TV^fcfc* »5tRft«r 3 6 0-6 
0 0nmC0ffiItfftt5:^^#5o r^«att^*3 
I n G a N^IlJ:ffiV>tl^l^fi ?)f > ±15 
<D£ 0 ftft#ft«*ttdJ#bft***OJIKHtt, I n G a 
N»*16 3 Srefatt^M4 nlG a NliSAI 6 

T , Ig^JI 6 3 <Dmm* 1 0 n m^TtC^S t > »^ 

»3feJi6 3^ 0 H B tt^t<rR3±1-^o 
*-?4<Hfe&S|Ri±U *-?*ftt>ffit«. 

SUV 8*»fifi3 7 5 nm*"CV7Mfco 
{2, 6 2t LTGaN£/Bl>5;i£&^*:J^ 
[ft 6] *ffiV*Tt>AV\, *fc, InG 

[ft 4] 

X, YS1,X+Y<1 ) 

rrTfi, »«t5»GaN, GalN^rffl 
V\fcjftS % /0'K^^y^*/^* s Bl2^*5V^r7 4< 

7 3, 7 5 < 7 2, 7 6©H«*tSoRt), 

[0014] mmm 3 j Dafc^sa^tfF 

*36) 

B3I1 *«MO»3CO|ll6«(7>*3g*^-ria-efeo 

t\ H3^^v>r, 8 1 m-yr^r (0001) 

8 2 ftRff 5 u mRXim^m^ 5 X 1 0 18 c m~ 3 (D S i 
K-^nl!GaAlN««ttA3ttf*BBC3&»Ji, 8 3 
Mf2MmWi^ISl 0 19 cnT 3 <Z)S i K-:/n 
HGaN^^5TEBi:5i*S, 8 4fiISl 0nm©7 
^K-^I n 0 . x Ga 0 9 N<bMi?l 0nm©7^K- 
/GaNl^ICl 0JMfjlLfc*a*?-#FJl* 8 
5 ttMEW 2 M miff*^l* 1 0 18 c m' 3 <DU g K— 
^ P iGaN^tD7fii:MI, 8 6^Il2Mm^ 

/Hi* 5 X 1 0 17 c m" 3 OM g K— ~fG a A 1 N 

U; 8 8ttpfl!ltffit?*)5o lS8 7l^ttiEOiffi 

FJi8 4fci£ALfc. t<D^m, Sfc%±tf9«E6V© 
««»«E4*tt*»biX, i£§3 7 5 nmff^^»* 

^«4-7 : a*tt6%-efcofco InGaN 
**Ji8 3 0fifi8S:jEfkr*-f:^±oT, 

f±, B2<0*ag© I nGa N*3tJi7 4 0ffc*>9lC I n 
G a N/G a N#«»^#F«r*ALfcflBfc iftoTV^ 
Sfc*. H20*3fe»b^fci:±<BI«0^3ftS«< 
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±, n«te?i**JB-efc* i n g a N#rM(Dmmm 

[0015] ±iscDi-^To^§j&#|-m> SK^Lrf- 
7r^T (0 0 0 1) BSrfflv^ds, ffico^S^fea 
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[JSWoa*] BiRWtfctSI^ 

Hfcl ] l£ffl^T^5fc«>, S«f^2 0 0-6 0 

[ft 2] Ji«:*1-afc«>* »#Jl*fcfli^fc 
[ftl] «©*MMfe&S|fil±U 

[fti] jitoKJ?^, i&^^icgs-r6?s 0 e 0 fS3§^ 
[Hi] **w^»i<D*ii^j^«ss:*i-0r-fco 

I nGaN/GaN^^rnil^t 
[G9 2] #*M<0»2^*li«©«3t*r*i-H-C*>o 
InGaN/GaN/GaAlNMSi:M¥- 

[13] *»W©JK3^**«(0«3t**1-E|-e*)0 
I n G a N/G a N/G a A l N»H Cii^^i 

[04] T± In 0<1 Ga 0-9 N^XHSSfT" 

n77^/^tBtfcot, (a) fiGaNiS:^ 

(b) ttGaNJiSr^Lyb*&^»^i"5e 
[H5] f77^f7J:In 0>1 G a 0 9 N07t h/l^ 

^y-fcy*..* Ts^t b;^^i"ig-efcor, (a) i*g 

aNl^$^^i^> (b) ttGaNE£^Udfr& 

[me] tt*o*»^**^ffl*it<o» i ^«*RS 

[0 7] «*<O**flc«**^ffl*«©K2 0!?««:lllW 
t§li"C^o"C, Ga A 1 N/GaN^rnS^t 

[Hi 8] ffi*0*Wft:»3fe*^ffl«3ft^J|3 0«l«rKM 



tSatlbot, I nGa A 1 N/I nGa N^t^S 

1 1 t7 7^riK 

12 nMGaNJI 

13 plGaNi 

1 4 niltffi 
15 p^tttl 

2 1 t7 7^TSS 

2 2 nlGaAlNlKAi 

2 3 G a N^ftJI 

2 4 plGa A 1 Nm«L&AJi 

2 5 nfllttffi 

2 6 pmmm 

3 1 f77^TSS 

3 2 nllnGaAlNliaAi 

3 3 I n G a N^^JP 

3 4 pIInGaAlNlSSAi 

3 5 nltl 

3 6 pmnm ■ 

6 1 f-7r^ T (0 0 0 1) Sfi 

6 2 Si K^nlG a Ntt^£AJl 

6 3 TV K— ^ I n o. ! G a o 9 N**Ji 

6 4 Mg K-^piGaNiffiaAl 

6 5 nilfl 

6 6 p MWM 

7 1 t77^f7 (0 0 0 1) 

7 2 Si K^/niG a A 1 N«*ftA&WftH 

7 3 Si K-/niGaN^^yri^^i 

7 4 TVK-^I n ai Ga 0 . 9 N*-*^#F*3t 
1 

7 5 Mg K-^plGaN^yrfflDiiftl 

7 6 Mg FWplGaA 1 NtSSA^^S^ 

7 7 nmmm 

7 8 pllg 

8 1 iryy^T (0 0 0 

8 2 nlGa A 1 N««j£AXV*BHCa»JI 

83 niGaN^rtlirlCMI 

8 4 TybWl n u Ga 0>9 N/G a N^fi*^ 

8 5 Mg K-^pfflGaN^irJrMtaftJi 

8 6 Mg K-^G a A 1 NmMaAX^BB C3ift« 

ftSE&AJf 

8 7 nfilttS 

8 8 p MS® 
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